Introduction
Accident rates in construction continue to be an international cause of concern. This concern is justified because construction has the highest casualty rates in many countries (Camino López, Ritzel, Fontaneda, & González Alcantara, 2008) . There are significant differences in the submission of reports and work accident registration procedures in different EU countries, such as the definition of a workplace accident and consideration of road traffic accidents (Aires, Rubio, & Gibb, 2010) . Harmonization of the data by Eurostat allows some comparison of the results of member states, but it is important to note that these comparisons between countries are still not completely reliable (Aires et al.) . An example is provided in Fig. 1 where we see the accident rates in construction across the European Union, Spain, and UK in recent years (Eurostat, 2010) .
Incidence rates in Spain are around twice those of the European average. On the other hand, the United Kingdom rates are very low compared to the rest of Europe. Although incidence rates have decreased in the last decade in the majority of European states, Spain has not decreased enough to reach the European average levels. Although reporting is mandatory, it is possible that some cases remain unreported.
Analysis Design
The analysis design for this paper was based on previous research by Camino López et al. (2008) . First the study variables were chosen and then categorized in groups to assess the relationship between all the variables and the severity of the outcomes of each accident.
Although main aspects of the methodology employed are similar to Camino Lopez et al., this research introduces some differences in the following aspects:
-Data periods of time analysed are different.
-Data analysed in the present study included, in line with the law, all the accidents reported in the construction sector between . In Camino et al's previous study (2008 it is possible that more accidents were not included, because from 1990-2000 reporting accidents through Delt@ system was not compulsory.
-Some of the chosen variables were not analysed in the previous paper.
-In the results, the severity of the accident is shown in four different levels, light, serious, very serious and fatal.
Variables and period of time.
The authors' original idea was use a similar methodology to Haslam et al (2005) studying shaping factors and originating influences. However, differences between data sets did not allow us to implement it properly. Haslam et al analyzed fewer accidents (only 100 individual accidents) but more deeply and gathered site-based data entailing interviews with accident-involved personnel and their supervisor or manager, inspection of the accident site, and review of relevant documentation such as accident notification form. In our case, we only had access to the official accident notification form, but from 1,163,178 accidents.
In a preliminary approach we analyzed all variables included in the accident notification form (57 variables) elaborating contingency tables. In some variables the majority of the values in the contingency tables did not reach a statistical significance of 95% in order to reject the hypothesis of independence of variables, and we could not confirm the existence of more than a random influence for severity-variable. Accordingly, the majority of the 57 variables were rejected for this paper.
Therefore, variables chosen were categorized into five groups after Camino et al (2008) . These groups are personal, business, material, temporal and geographic.
-Personal variables describe characteristics of the worker involved in the accident.
Included in this group is variable age.
-Business variables describe aspects about the activity and its organisation. Included in this group are: National Classification of Economic Activities (CNAE), company staff, length service and the location of the accident.
-Temporal variables include day of the week, days of absence.
-Material variables include deviation from accepted practice, as a not expected event,
and injury.
-Geographic variables used in this study describe the severity of the accidents in the different zones according to the climatic zone. Rates were obtained by dividing the number of accidents chosen in the community studied by the number of total accidents chosen. Thus, the Total Accident Rate (TAR) was obtained dividing the number of total accidents in the community studied by the number of total accidents analysed.
The Light Accident Rate (LAR) was obtained by dividing the number of light accidents in the community studied by the number of total light accidents. The Serious Accident Rate (SAR) was obtained by dividing the number of serious accident in the community studied by the number of total serious accidents. The Very Serious Accident Rate (VSAR) was obtained by dividing the number of very serious accidents in the community studied by the number of total very serious accidents. Finally, the Fatal Accident Rate (FAR) was obtained by dividing the number of fatal accidents in the community studied by the total number of fatal accidents.
It is very important not to forget that data studied are only about accidents that have occurred.
Rates obtained in this study are not the typical incidence rate (number of accidents per number of workers at risk) because data about workers at risk in each category studied are not available.
However rates calculated in this paper have allowed the difference between the severities of the accidents that have occurred to be studied. In this way, the findings show the probability of an accident to be serious or fatal once it occurs, but not the probability that the accident occurs in the first place.
The statistical analysis package SPSS (Statistical Package for the Social Sciences) was used to analyse the data.
3.
Results and Discussion.
Personal Variables.
Results obtained in Table 2 showed that, when an accident happens, the probability that severity will be high increases with the age of the worker. This fact is especially significant in groups of ages between 60 and 65 years, and between 20 and 24 years. In the older group it was observed that the light accident rate had very similar value to the total accident rate (LAR 2.10 %, TAR 2.12 %) but the fatal accident rate was more than double (FAR 5.94%). In the younger group the light accident rate and total accident rate were very similar too (LAR 15.21%, TAR 15.13%) but the fatal accident rate decreased considerably in this group (8.48 %). Table 4 shows that the distribution of the accidents is concentrated in activities 452 Construction of buildings and civil construction, and 453 Fit out of construction works. The incidence rates cannot be calculated because the total of workers occupied in these specific activities is not known, but we can evaluate the percentage evolution in the calculated rates. It is significant that, although activity 454 Completion of construction works only has 1.12% of the total accidents (TAR) in the sector, the percentage increases with the severity of the accidents (SAR (1.71%) > LAR (1.11%)) and peaks at VSAR (2.36%). The fatal rate is lower but very close However, these data are only from accidents that occurred, and do not take account of the numbers of people employed in these companies and therefore could be misleading. It has been
shown that a large company is associated with better safety levels than a small one (Hinze & Gambatese 2003) . In this sense a study of 231 deaths in the construction industry (Buskin & Palouzzi 1987) concluded that there was a significant trend towards increasing mortality with decreasing company size in the proportionate mortality ratios (PMRs) studied.
3.2.3 Length of service with the company.
This factor was studied by Cattledge et al (1996) , with particular reference to falls from different levels. Length of employment with the company at the time of injury ranged from one week to more than 30 years. It is important to note that these data deal with how long the person has been employed by a particular company rather than their experience in the industry as a whole.
Despite the wide range, 60% of all accidents claimed were employed for two years or less, of which 26% were employed for six months or less. In our study, accidents involving workers with less than three years' experience in the company represented 81% of the total number of accidents. This percentage gets lower when considering fatal accidents of this group of workers (74%). It is remarkable that the FAR decreases compared with TAR, when the individual's experience in the company increases from a month to one year's experience, but this tendency is the opposite from one year to more experienced people. That can be observed better by calculating the difference between TAR and FAR in each experience group (Figure 3) . Figure 3 shows in terms of variation of the rates, the best rate improvement of FAR with respect to TAR, is training programs (Xiuwen et al 2004) . In the group of workers with 5-10 years' experience, this solution it is less likely to be successful, because hazards are often misjudged by them (Huang & Hinze 2003) . In a study of causality of fatal accidents for the UK Government, Brace et al (2009) argued that workers often developed a 'risk accepting' attitude towards construction hazardsclaiming 'it won't happen to me'. Other strategies must be developed to prevent fatal accidents in this group. two categories, on the way from worksite to worksite, and going to the worksite or back home, are difficult to evaluate because many times they are considered only traffic accidents and they are not considered work accidents so are not entered in the industrial sector statistics. In figure 4 we see that Monday is the day of the week with more accidents. This fact, called the "Monday Effect", has been studied by Card & McCall (1996) and Campolieti & Hyatt (2006) . This effect assumes that some of the injuries reported on Monday actually occurred on the weekend, but they were not reported the real day of the accident, one explanation for this effect is because social benefits from the insurance company would change with more compensation paid for work- Accidents produced by loss of machine control and falls are the third of the total accidents. This percentage is more than half when we compare the aggregate of both deviations with serious, very serious, and fatal accidents (Aggregates: TAR 33%, SAR 57%, VSAR 57%, FAR 51% ).
Therefore these deviations must be given special attention, and must be reduced as far as possible with preventative measures, training workers in safety and safety equipment. In addition to this data, a study about causes of accidents (Gibb et al 2006) concluded that greater attention should be given to the design and selection of tools, equipment and materials. Safety, rather than price, should be the paramount consideration. In Spain, wounds and superficial injuries, dislocations sprains and strains, are 80% of TAR (from   table 8 ). This group of accidents have an insignificant impact on fatalities (0.75%). The most dangerous injuries are concentrated in: concussions and internal injuries, multiple lesions, heart attacks, strokes and other non-traumatic diseases. Special attention should be given to heart attacks, strokes and other non-traumatic diseases, because they represented only 1319 of the 1,163,178 total accidents (0.11%), but they represented 287 accidents of the 1733 fatalities (17%). The FAR value increase with respect to TAR value is especially high in this group. A solution could be training workers or supervisors in first aid for these cases. This finding is supported by the general increase in availability of equipment such as defibrillators in work places and public areas. is more conducive to safety than continental is not valid because the evolution of the serious accident rate is opposite in each case. In order to get better results about the climatic influence in accidents in construction, a more detailed study must be performed about this phenomenon. These analyses showed that seriousness of accidents are related to various different variables studied. Concluding remarks for each variable are described as follows. older workers and fitness for work regimes established. Assignment of the tasks inside the works must be adapted to the age of the worker, a task with low risk for a young worker can become a high risk task for an older one.
-CNAE Code. Regarding different National Code of Activities in construction studied, the "completion of construction works" activity had the worst severity rates. More dangerous activities will need more specific preventive measures and more stringent safety procedures.
-Size of company. It may be concluded that a large company is not always necessary more safe than a small company in the aspect of fatal accidents. According to the data analyzed, the 'safest' size of a company with respect to fatal accidents is between 26 and 50 workers because their FAR is significantly lower than their TAR. However, these data could be misleading due to the numbers of employees and the effect of employing subcontractors and subcontract data not being included in these figures. Hence, if a worker employed by a large company has an accident it is more likely to be fatal than if they worked for a small organization. Differences and similarities between safety management procedures, safety integration in the tasks, and work organization must be identified relative to the size of the company with the aim to identify the best safety behaviors and promote their adoption to other companies.
-Length of service. Comparing again FAR with TAR from accidents occurred, it can be concluded that accidents suffered by workers with 5-10 years' experience had the worst consequences. On the other hand, workers with 4-12 months experience had the best accident fatal rates comparing the same cited rates. Experienced workers must be specially trained with specific programmes according their needs. Often, refreshing safety knowledgem is not enough. Training for more experienced workers must address their predisposition not to accept training or instruction and the likelihood that they have become risk accepting with regards to construction hazards.
-Place of accident. It was found that accidents occurred away from the usual workplace had more severe consequences, than accidents occurred at the usual workplace. More effort is required to improve the knowledge of risk, and preventive measures, when a worker changes his working location. Specific procedures must be designed and implemented when a worker is assigned for a task in a non-habitual worksite. New management techniques should be introduced in construction works to reduce the fatalities in this group
The problem with fatalities of workers not based on one specific worksite, is a problem that must be considered more deeply in future research. more than half of the rest of accidents. Activities where machines and work at height are present must be designed taking into account the possible deviation of these important factors. Risk assessment in these tasks must be exhaustive and procedures for their normal development very accurate and clear.
-Injury. Heart attacks, strokes and other non-traumatic diseases are especially fatal, when they are present in an accident. Workers and supervisors must be trained in first aid for these cases and life-saving equipment be made readily available. Training in first aid can save workers lives.
4.1 Implications for the Industry and Government.
Identification of main variables present in construction accidents is the first step to minimize and reduce accidents and their consequences. The conclusions of this paper can be used by companies in their occupational safety strategies, and in their safety training programmes.
Specific training can be designed taking account of specific needs for each group of workers and for each type of company.
Special attention must be given to the group of workers with 5-10 years' experience. Too often their hazards are misjudged by everybody in the works. Their managers, supervisors and themselves tend to rely on their experience and skill, but experience is not a never-failing life guard, and it can be a double-edged sword, leading to a greater acceptance of risk.
Effort must be made in all companies, relative to their size and each worker's location especially when they are not at the habitual worksite.
The findings of this research are based on the data avaialable from the official accident notification forms. Further knowledge could be derived from such studies if richer data were collected for accidents, such as factors proposed by Haslam et al (2005) . However, the authors acknowledge the challenges associated with such a proposal and further work is required to establish appropriate strategies.
Study Limitations.
Data analyzed are only from Spain, so the conclusions may be different to other countries, but they can give some indications of sensitive common variables.
Accidents where the employee was not absent from work are not compulsory to report to the government, so these accidents are not included. In addition, accidents that are not reported are, of course, also excluded, because there is no data about them.
The data of the people employed for each variable analysed have not been segregated, so the probability of an accident to be serious or fatal has only been studied once it occurs. The probability that the accident occurs in the first place has not been considered.
Future research.
Some variables should be studied more in-depth in future research to obtain a more accurate approach about their influence. An example of this it is the climatic zone variable, because it is not clear why differences in severity of accidents between Mediterranean and Continental Zones exist.
Different training strategies should be investigated and developed, in order to improve the effectiveness of training in experienced workers. Tasks away from the habitual worksite must be addressed better; new safety procedures and measures must be implemented.
